Introduction
============

Acute lymphoblastic leukemia (ALL) is a neoplastic disease originating from B- or T-lymphocytes ([@b1-mmr-13-05-4221]--[@b2-mmr-13-05-4221]), and accounts for 80% of childhood acute leukemia (AL) and is the most common type of cancer affecting children ([@b3-mmr-13-05-4221],[@b4-mmr-13-05-4221]). The incidence rate of ALL is 5-fold higher than that of acute myeloid leukemia (AML) ([@b3-mmr-13-05-4221]). The ALL prognosis has improved greatly. However, only 80--90% of the children achieve complete remission ([@b5-mmr-13-05-4221],[@b6-mmr-13-05-4221]), whereas 20% of children with leukemia suffer ALL relapse and subsequently have a poor prognosis ([@b3-mmr-13-05-4221],[@b6-mmr-13-05-4221]).

Homeobox (HOX) is a highly conserved family of genes that controls embryonic development and cell differentiation. Abnormal regulation thereof is associated with the occurrence of malignant tumors ([@b7-mmr-13-05-4221]). HOX is divided into the A, B, C, and D genetic clusters, which are located on chromosomes, HOXA (7p15), HOXB (17q21), HOXC (12q13) and HOXD (2q31) ([@b8-mmr-13-05-4221]).

Differentiation of abnormal hematopoietic stem/progenitor cells (HSPC) regulated by HOX is associated with the occurrence and development of leukemia ([@b9-mmr-13-05-4221]--[@b11-mmr-13-05-4221]). The differentiation and development of HSPC was regulated by HOXA5 at the pluripotent stem cell stage during differentiation and development from erythroid to granulocyte cells ([@b12-mmr-13-05-4221]). Kim *et al* ([@b13-mmr-13-05-4221]) showed that the amount of HOXA5 methylation level is associated with the 3-year survival rate of AML patients. Inhibition of the expression of *HOXA5* gene in bone marrow hematopoietic cells by the antisense oligonucleotide technique showed that myeloid progenitor cell growth was inhibited, while the proliferation of erythroid progenitor cells was accelerated. When the *HOXA5* gene was overexpressed, the proliferation and differentiation of K562 cells into erythroid cells was inhibited ([@b14-mmr-13-05-4221]). The abovementioned studies suggested that HOXA5 is associated with the development of leukemia. All-trans retinoic acid (ATRA) exerts antitumor effects by inducing the differentiation of tumor cells, promoting tumor cell apoptosis and regulating cell tumor-related gene and protein expression ([@b15-mmr-13-05-4221],[@b16-mmr-13-05-4221]). Previous studies have confirmed that ATRA is capable of regulating the expression of certain HOX genes in hematopoietic cells, such as *HOXB2*, *HOXB4* and *HOXA10*, which provides a new research direction for ATRA in the treatment of leukemia ([@b17-mmr-13-05-4221]--[@b19-mmr-13-05-4221]).

The aim of the present study was to investigate the changes in the expression of *HOXA5* gene and its relationship with the cell cycle and apoptosis through the intervention of the human K562 myeloid leukemia cell line using ATRA, in order to analyze the role HOXA5 plays on the pathogenesis and the development process of myeloid leukemia.

Materials and methods
=====================

Cell line
---------

K562 cells were provided by the Central Laboratory of the Affiliated Hospital of Luzhou Medical College (Luzhou, China).

Reagents and instruments
------------------------

Reagents and equipment used were as follows: Total RNA extraction kit \[Tiangen Biotech (Beijing) Co., Ltd., Beijing, China\]; iScript cDNA synthesis kit, C1000 polymerase chain reaction (PCR) amplification, protein electrophoresis (Bio-Rad, Berkeley, CA, USA); cell counting kit-8 (CCK-8) kit (Beyotime Biotechnology Research Institute, Jiangsu, China); ATRA (Sigma, St. Louis, MO, USA); fetal bovine serum (Hyclone, Logan, UT, USA); flow cytometry apoptosis kit box, cell cycle kit, flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA); western blotting primary antibody (Abcam, Cambridge, UK); western blotting secondary antibody (Beyotime Biotechnology Research Institute); HOXA5 and GAPDH primers (Sangon Biotech Co., Ltd., Shanghai, China); cell culture box (NuAire US Autoflow, Plymouth, MN, USA); high speed centrifuge (Beckman Coulter, Athens, Greece); and clean bench (Suzhou Antai Air Tech Co., Ltd., Suzhou, China).

Cell proliferation and toxicity test (CCK-8)
--------------------------------------------

According to the incubation time, the cells were divided into the negative control group (K562 cells and culture medium without ATRA intervention) and four experimental groups (i.e., ATRA 24 h, 48 h, 72 h and 96 h groups). A blank group, i.e., culture medium without K562 cells was also established as a control. The ATRA concentrations used were, 5.0, 7.5, 10.0 and 15.0, and 20.0 *µ*mol/l, respectively, in accordance with the CCK-8 kit instructions. Optical density (OD) values were measured at 450 nm. The experiment was repeated three times. The mean value was calculated for the cell proliferation inhibition rate as: (OD of control group − OD of experimental group)/(OD of control group − OD of blank group) × 100%.

Experimental group
------------------

The experiment was divided into the control and experimental groups. The cells in the experimental group were treated with 10 *µ*mol/l ATRA for 24, 48 and 72 h, respectively.

Detection of K562 cell apoptosis
--------------------------------

To detect cell apoptosis, the cells were washed with phosphate-buffered saline and suspended in binding buffer, followed by the addition of annexin V-fluorescein isothiocyanate and propidium iodide. After 15 min at room temperature (25°C) in the dark, the apoptotic rate was measured using flow cytometry within 1 h.

Detection of K562 cell cycle
----------------------------

To determine the cell cycle, the cells were suspended in buffer solution followed by the addition of solution A and incubation for 10 min. Solution B was added and incubated for 10 min at room temperature. Solution C was subsequently added and kept at 2--8°C for 10 min in the dark. The cell cycle was then determined using flow cytometry.

Quantitative PCR for the determination of HOXA5 mRNA expression
---------------------------------------------------------------

Total RNA was extracted from K562 cells using a total RNA extraction kit. The concentration and purity (OD260/OD280) were determined. The total RNA was reverse transcribed into cDNA on a PCR instrument using an iScript cDNA kit. *HOXA5* gene cDNA was added into the reaction system on ABI RT-PCR according to the manufacturer protocols. *HOXA5* and *GAPDH* primer sequences are shown in [Table I](#tI-mmr-13-05-4221){ref-type="table"}. Cycle threshold (Ct) values obtained were analyzed by Step One software (Applied Biosystems, Foster City, CA, USA). Sample Ct value and target gene relative expression were also calculated (2^−ΔΔCt^).

Expression of HOXA5 protein in K562 cells
-----------------------------------------

Cells were collected from the experimental and control groups and were processed using SDS-PAGE and western blot analysis, and the protein bands were subsequently scanned and quantified. The primary antibody was rabbit anti-human HOXA5 polyclonal antibody, and the secondary antibody was goat anti-rabbit immunoglobulin G conjugated with horseradish peroxidase. Subsequently, the protein bands of HOXA5 were analyzed.

The internal reference gene was β-actin (Beyotime Biotechnology Research Institute). The relative ratio of the target protein was determined using HOXA5 protein bands of gray value and β-actin protein bands of gray value. The gray level ratio with HOXA5 and the internal reference gene β-actin, as well as the relative expression quantity of HOXA5 protein expressed in the experimental group was carried out. Subsequently, the protein bands of HOXA5 were analyzed.

Statistical analysis
--------------------

Data were analyzed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). Data were presented as mean ± standard deviation. A comparison between groups was analyzed by single-factor variance analysis. Pair-wise comparisons used least significant difference. P\<0.05 was considered to indicate a statistically significant difference. The correlation analysis between two variables was analyzed using the Spearman rank correlation analysis, and a=0.05 was a significant test level.

Results
=======

Effect of ATRA intervention on K562 cell proliferation inhibition
-----------------------------------------------------------------

[Table II](#tII-mmr-13-05-4221){ref-type="table"} shows the cell proliferation and cell viability in each group. The results showed that, the OD value was decreased with the increase in the concentration of ATRA (P\<0.05). At the same concentration of ATRA, with the extension of incubation time, OD value increased gradually. The differences between groups were also statistically significant (P\<0.05).

[Fig. 1](#f1-mmr-13-05-4221){ref-type="fig"} shows the inhibition of K562 cell proliferation as a percentage change. The proliferation of the K562 cell inhibition rate was lower when the ATRA concentrations were 5.0 and 7.5 *µ*mol/l. The result indicated that the inhibitory effect of the drug on the cells was weaker. When the concentration of ATRA was 15.0 and 20.0 *µ*mol/l, the proliferation of the K562 cell inhibitory rate was markedly higher, indicating that the inhibitory effects of drug on cells were strong with strong cytotoxicity. The concentration of ATRA at 10 *µ*mol/l was optimal when the proliferation inhibitory rate was \~50%, and at this ATRA concentration it was easy to detect the *HOXA* gene and protein expression. Thus, 10 *µ*mol/l of ATRA was used in the subsequent experiments.

Effect of ATRA on apoptosis of K562 cells
-----------------------------------------

Determination of K562 cell apoptotic rates using flow cytometry ([Fig. 2](#f2-mmr-13-05-4221){ref-type="fig"}). LL in the lower left quadrant is indicated living cells. LR in the right lower quadrant indicated early apoptotic cells. UR in the right upper quadrant represented the late apoptotic cells with UL in the left upper quadrant of the mechanically damaged cells. The ratio of the number of cells in the UR and LR quadrants and the total cell number constituted the apoptotic rate.

Data of the cell apoptotic rate in each group was measured using flow cytometry and analyzed using SPSS 17.0 software ([Fig. 3](#f3-mmr-13-05-4221){ref-type="fig"}). The apoptotic rates of K562 cells were 24.84±0.14, 28.90±0.30 and 33.44±0.48% after 10.0 *µ*mol/l ATRA intervention for 24, 48 and 72 h, respectively, which was significantly higher than that in the control group (P\<0.05). The apoptotic rate was increased gradually with the prolongation of ATRA intervention (P\<0.05).

Analysis of K562 cell cycle using flow cytometry
------------------------------------------------

Cell cycle was determined by flow cytometry ([Fig. 4](#f4-mmr-13-05-4221){ref-type="fig"}). ModFit software (Verity Software House, Topsham, ME, USA) was used to calculate the proportion of cell cycle at each time point ([Table III](#tIII-mmr-13-05-4221){ref-type="table"}). The data showed that the proportion of G0/G1 phase was increased and the proportion of S stage was reduced in the drug-treated group compared to those in the control group at each time point, indicating that cell proliferation and cell cycle were inhibited in the G0/G1 phase.

Effect of ATRA intervention for 24, 48 and 72 h on the expression of HOXA5 mRNA
-------------------------------------------------------------------------------

Amplification and dissolution curve in the experiment. *HOXA5* gene and its reference GAPDH amplification curve are S-type kinetic curves ([Fig. 5](#f5-mmr-13-05-4221){ref-type="fig"}). *HOXA5* and *GAPDH* melting curves were obtained following PCR reaction, which is a single absorption peak with the single solution temperature, 85.3 and 87.4°C, respectively. This result indicated that the primers were specific. Results of the agarose gel electrophoresis for the RT-PCR amplification products of *HOXA5* gene and GAPDH in K562 cells are shown in [Fig. 6](#f6-mmr-13-05-4221){ref-type="fig"}. The bands are clearly shown with no impurities, suggesting that the RT-PCR amplification was successful.

Expression of HOXA5 mRNA in K562 cells detected by RT-PCR
---------------------------------------------------------

The amount of HOXA5 mRNA expression is shown in [Fig. 7](#f7-mmr-13-05-4221){ref-type="fig"}. It is evident that HOXA5 mRNA expression in the experimental group increased compared with that in the control group. The difference was statistically significant (P\<0.05). With the prolonged intervention time, HOXA5 mRNA expression increased gradually ([Fig. 7](#f7-mmr-13-05-4221){ref-type="fig"}). The difference was statistically significant (P\<0.05).

Expression of HOXA5 protein detected by western blotting
--------------------------------------------------------

The electrophoresis of HOXA5 protein and β-actin are shown in [Fig. 8](#f8-mmr-13-05-4221){ref-type="fig"}. Each of the electrophoretic bands is clear, and HOXA5 protein expression was increased in the experimental group compared with that of the control group, and with prolonged intervention time, the HOXA5 expression increased gradually.

Expression of HOXA5 protein following ATRA intervention in K562 cells
---------------------------------------------------------------------

[Fig. 9](#f9-mmr-13-05-4221){ref-type="fig"} shows that HOXA5 protein expression was increased in the experimental group compared with that of the control group. The difference was statistically significant (P\<0.05). With prolonged intervention time, HOXA5 expression increased gradually. The difference was statistically significant (P\<0.05).

HOXA5 mRNA and protein expression changes its relationship with cell apoptosis after ATRA intervention of K562 cells
--------------------------------------------------------------------------------------------------------------------

The mRNA HOXA5 and protein expression and cell apoptotic rate were increased 24, 48 and 72 h after ATRA intervention in the experimental group compared with that of the control group ([Table IV](#tIV-mmr-13-05-4221){ref-type="table"}).

Spearman rank correlation analysis revealed that the correlation coefficient rate of HOXA5 mRNA expression and cell apoptosis was 0.944, which was positively correlated (P\<0.05). The correlation coefficient for the relationship between HOXA5 protein expression and the apoptotic rate was 0.826 (P\<0.05). Thus, ATRA may promote K562 cell apoptosis by upregulating the expression of HOXA5.

HOXA5 mRNA and protein expression changes in K562 cells after ATRA intervention
-------------------------------------------------------------------------------

Following treatment with ATRA the ratio of cells in the G0/G1 phase were higher and the ratio of cells in S stage was lower in the intervention group compared with that of the control group ([Table III](#tIII-mmr-13-05-4221){ref-type="table"}).

Accordingly, the G0/G1 phase increased percentage was calculated as (experiment group-control group)/control group) and S stage reduction percentage as (control group-experimental group/control group) ([Table V](#tV-mmr-13-05-4221){ref-type="table"}).

The Spearman rank correlation analysis revealed that the correlation coefficient of the amount of HOXA5 mRNA expression and the increased percentage of cells in G0/G1 was 1.00, which was positively correlated. Its correlation coefficient with the S phase decreased percentage was −1.00, indicating a negative correlation. The correlation coefficient of HOXA5 protein expression and increased percentage of the cell cycle in G0/G1 phase was 1.00, which was positively correlated. The correlation coefficient with the S phase decreased percentage was −1.00, indicating a negative correlation. These data suggested that ATRA may increase mRNA HOXA5 and protein expression in the G0/G1 phase, decreasing the proportion of S stage and inhibiting cell proliferation.

Discussion
==========

Leukemia is a hematopoietic system malignant proliferative disease, whose incidence is on the increase. It is the most common malignant tumor for children, accounting for approximately 33% of children with malignant tumors ([@b12-mmr-13-05-4221]). It is a serious threat to the health of children and adolescents. The pathogenesis of leukemia is unclear at present. *HOXA* is the master control gene for HSPC proliferation and differentiation, and the abnormal expression of is closely associated with the disease of blood system ([@b20-mmr-13-05-4221]--[@b22-mmr-13-05-4221]).

Guo and Liu ([@b23-mmr-13-05-4221]) identified that HOXA9 is expressed in HL-60 cells, and HOXA9 mRNA and protein expression level changes in HL-60 cells following treatment with ATRA. Zhang and Liu ([@b24-mmr-13-05-4221]) showed HOXB7 mRNA and protein expression in human umbilical cord blood stem cells by RT-PCR and western blot analysis. In addition, authors of that study showed that HOXB7 mRNA and protein expression increased after ATRA intervention, suggesting that ATRA regulates the expression of *Hox* genes affecting the hematopoietic cells.

In the present study, RT-PCR and western blot analysis revealed that in the process of K562 cell proliferation, HOXA5 mRNA and protein expression was detected. HOXA5 mRNA and protein expression was elevated following ATRA intervention of K562 cells for 24, 48 and 72 h. With the intervention time prolonged, HOXA5 mRNA and protein expression levels increased gradually. The results indicate that HOXA5 mRNA and protein expression increased in K562 cells following treatment with ATRA in a time-dependent manner, which is similar to other reports on *Hox* gene expression ([@b23-mmr-13-05-4221]).

ATRA is an effective cell apoptosis-inducing agent that promotes tumor cell apoptosis. Zhu *et al* ([@b25-mmr-13-05-4221]) demonstrated that the rate of apoptosis of the pancreatic cancer cell lines were significantly higher than those in the control group following ATRA intervention of the human SW1990, Patu8988, bxpc3 pancreatic cancer cell lines, as detected by flow cytometry. Additionally, the apoptotic rate increased with longer treatment time. The experimental study also showed that the cell apoptotic rate increased following the intervention with 10 *µ*mol/l ATRA for the human K562 myeloid leukemia cell line. With the increase in the time of intervention, the apoptotic rate increased gradually, as indicated in the above-mentioned results. Numerous chemotherapeutic agents are able to interfere with the cell cycle by blocking it. Inui *et al* ([@b26-mmr-13-05-4221]) demonstrated that ATRA was able to change the cell cycle and signal transduction pathway by affecting the synthesis of DNA, and confine the cell cycle to a certain period of stagnation through investigation. Zhou *et al* ([@b27-mmr-13-05-4221]) identified that A549 cell proliferation was inhibited, and the cell cycle was arrested in G1/G0 phase following ATRA intervention detected by flow cytometry. The results in the present study have shown that the proportion of the cell cycle in the G0/G1 phase increased after 10.0 *µ*mol/l ATRA intervention of K562 cells for 24, 48 and 72 h. The cell proportion in S stage was reduced. The cell cycle was arrested in the G0/G1 phase and cell proliferation was inhibited, similar to the abovementioned results.

In addition, data pertaining to HOXA5 mRNA and protein expression, the cell apoptotic rate and cell cycle changes were analyzed using the Spearman correlation analysis. Our results that HOXA5 mRNA and protein expression and cell apoptosis were positively associated. It also positively correlated with the increased percentages of the cell cycle in G0/G1 phase, but negatively correlated with the reduction percentage of S phase, suggesting that ATRA inhibits K562 cell proliferation and induces cell apoptosis through the upregulation of HOXA5 mRNA and protein expression. The etiology and pathogenesis of childhood leukemia have yet to be determined. Abnormally expressed *HOX* gene may regulate the proliferation and differentiation of hematopoietic stem cells.

![The line chart of the K562 cells inhibition percentage.](MMR-13-05-4221-g00){#f1-mmr-13-05-4221}

![Distribution of apoptosis of K562 (flow cytometry, 2-parameter diagram). (A) Stands for the control group, (B) the all-trans retinoic acid (ATRA) 24 h group, (C) ATRA 48 h group, and (D) ATRA 72 h group. FITC, fluorescein isothiocyanate.](MMR-13-05-4221-g01){#f2-mmr-13-05-4221}

![Bar chart of all-trans retinoic acid (ATRA) intervention groups at different times in K562 cell apoptotic rate. ^\*^P\<0.05, compared with control; \#P\<0.05, compared with the ATRA24 h group; ^△^P\<0.05, compared with the ATRA 72 h group.](MMR-13-05-4221-g02){#f3-mmr-13-05-4221}

![K562 cell cycle distribution. (A and B) Control and all-trans retinoic acid (ATRA) 24 h groups, respectively. (C and D) Control and ATRA 48 h groups, respectively. (E and F) Control and ATRA 72 h groups, respectively. The first peak in the graph is G1 stage, followed by a broad peak representing S stage, and the last peak is the G2/M phase.](MMR-13-05-4221-g03){#f4-mmr-13-05-4221}

![Amplification and melting curves of homeobox A5, GAPDH. Amplification and melting curves of (A and B) HOXA5 and (C and D) GAPDH.](MMR-13-05-4221-g04){#f5-mmr-13-05-4221}

![Agarose gel electropherogram of homeobox (HOX) A5 gene and GAPDH. M is marker DNA; lanes 1--4 are HOXA5 amplification products, lanes 5--8 are GAPDH amplification products; lanes 1 and 5 are the control, 2 and 6 are ATRA 24 h group, 3 and 7 are ATRA 48 h group, and 4 and 8 are ATRA 72 h group.](MMR-13-05-4221-g05){#f6-mmr-13-05-4221}

![Expression level of homeobox (HOX) A5 mRNA in K562 cells. ^\*^P\<0.05, compared with the control; ^\#^P\<0.05, compared with the all-trans retinoic acid (ATRA) 24 h; ^△^P\<0.05, compared with ATRA 48 h.](MMR-13-05-4221-g06){#f7-mmr-13-05-4221}

![Expression level of homeobox (HOX) A5 protein and β-actin. ATRA, all-trans retinoic acid.](MMR-13-05-4221-g07){#f8-mmr-13-05-4221}

![Expression level of homeobox (HOX) A5 protein. ^\*^P\<0.05, compared with the control; ^\#^P\<0.05, compared with the all-trans retinoic acid (ATRA) 24 h; ^△^P\<0.05, compared with ATRA 48 h.](MMR-13-05-4221-g08){#f9-mmr-13-05-4221}

###### 

Sequence primers for *HOXA5* gene and *GAPDH*.

  Gene      Primer F                     Primer R
  --------- ---------------------------- ------------------------------
  *HOXA5*   5′-TTTTGCGGTCGCTATCC-3′      5′-CTGAGATCCATGCCATTGTAG-3′
  *GAPDH*   5′-ATGCTGGCGCTGAGTACGTC-3′   5′-GGTCATGAGTCCTTCCACGATA-3′

HOXA5, homeobox A5.

###### 

Cell viability of K562 determined by ATRA on different concentration (OD=450 nm, mean ± SD).

  Time   Blank group    Control group   Drug concentration (*µ*mol/l)   F-value        P-value                                                    
  ------ -------------- --------------- ------------------------------- -------------- -------------- -------------- -------------- ------------- --------
  24 h   0.200±0.0002   0.840±0.0002    0.850±0.0003                    0.710±0.0002   0.540±0.0002   0.395±0.0002   0.280±0.0001   8643395.770   \<0.05
  48 h   0.200±0.0001   0.870±0.0001    0.968±0.0001                    0.741±0.0002   0.578±0.0001   0.330±0.0002   0.220±0.0001   2.767E7       \<0.05
  72 h   0.201±0.0002   0.900±0.0002    1.000±0.0002                    0.830±0.0002   0.661±0.0001   0.301±0.0002   0.210±0.0003   1.472E7       \<0.05
  96 h   0.201±0.0002   0.970±0.0002    1.119±0.0001                    0.890±0.0001   0.740±0.0003   0.237±0.0003   0.200±0.0002   2.710E7       \<0.05

ATRA, all-trans retinoic acid; SD, standard deviation.

###### 

The effects of ATRA on the K562 cell cycle.

  Group       Control group (%)   Drug intervention group (%)                          
  ----------- ------------------- ----------------------------- ------ ------- ------- ------
  ATRA 24 h   49.08               45.97                         4.95   51.14   41.49   7.37
  ATRA 48 h   58.99               41.01                         0.00   61.91   38.09   0.00
  ATRA 72 h   53.54               46.46                         0.00   56.26   43.74   0.00

ATRA, all-trans retinoic acid.

###### 

The relationship between cell apoptosis and HOXA5 mRNA and protein expression changes (mean ± SD).

  Group       HOXA5 mRNA      HOXA5 protein   Apoptotic rate (%)
  ----------- --------------- --------------- --------------------
  Control     1.0008±0.0002   0.826±0.042     2.70±0.04
  ATRA 24 h   5.7969±0.0010   1.128±0.065     24.84±0.14
  ATRA 48 h   6.0849±0.0011   1.373±0.029     28.90±0.30
  ATRA 72 h   6.5453±0.0017   1.540±0.042     33.44±0.48

SD, standard deviation; HOXA5, homeobox A5; ATRA, all-trans retinoic acid.

###### 

The relationship between cell cycle and HOXA5 mRNA and protein expression changes.

  Group       HOXA5 mRNA      HOXA5 protein   G0/G1 increased %   S stage decreased %
  ----------- --------------- --------------- ------------------- ---------------------
  ATRA 24 h   5.7969±0.0010   1.128±0.065     4.20                9.75
  ATRA 48 h   6.0849±0.0011   1.373±0.029     4.95                7.12
  ATRA 72 h   6.5453±0.0017   1.540±0.042     5.08                5.85

HOXA5, homeobox A5; ATRA, all-trans retinoic acid.
